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Problem Statement:  It has been determined that as the soles of running shoes degrade, the incidence of injury for runners using these shoes rises.  Our goal is to develop a device that could be placed in a shoe sole that would indicate when a pair of running shoes is worn out to the point where new shoes are needed. 

Client Requirements: 
-
Device should measure shoe sole elasticity either directly or in an indirect manner
-
Should not interfere with comfort of the shoe
-
Must be light weight
-
Should hold up throughout normal life of running shoes (i.e. 300-500 miles)
-
Must have clear indicator so a runner will know when shoe is worn
-
Indicator should be able to be read and understood by average runner
1. Physical and Operational Characteristics
a.
Performance requirements;     The device must be able to measure the elasticity of a shoe sole for at least 5 years.  It does not necessarily have to measure elasticity while the user is running or walking but rather it must take a measurement at some point when it is not being used.  The device should take an elasticity measurement at least once a week.  The device should be able to withstand the force of a 220 lb. runner using the shoes daily.

b.
Safety;
   There should be no chance whatsoever of the device electrically shocking the runner in anyway.  Most importantly the sensor in the shoe sole should be implanted in such a way that there is no risk whatsoever of it puncturing the runners foot.   

c.
Accuracy and Reliability;
The device needs to indicate to the user when the elasticity of the shoe sole has sufficiently worn out and the risk of injury is much greater. The value of elasticity for when the shoe sole is worn out is approximately when the runner has run around 300 miles.  This value will later be determined through further research and testing.  The sensor must be accurate to within 2 weeks of this unknown elasticity value.  The sensing device must be extremely reliable so that it does not signal too early, too late or not all.  If the indicator signals too late or not at all this could lead to an injury and that is entirely unacceptable.  If the indicator goes off too early this will be an annoyance to the runner and completely neglect the purpose of this project.  

d.
Life in Service;      At the bare minimum the device should take at least one elasticity measurement per week for at least 3 years during service.  Ideally the sensor would last a month longer then when the shoe sole reaches its elasticity threshold and is completely worn out.  That elasticity value should be reached when the runner has run around 300 miles. Depending on how often and how far the user runs the sensor would go off anywhere form a month to a few years.  

e.
Shelf life;     The shelf life of the shoe before it is bought should be a year at max.  Anything over that could prove to put too much use on the battery for it would be taking measurements of elasticity at least once a week. A way to eliminate the battery use during shelf life would be to have a worker turn on the sensor once the shoe is purchased by a customer.  Also, most consumers who buy this shoe would most likely be avid runners so the concern that the shoe would sit in someone’s closet for a long period of time can be ignored.

f.
Operating Environment;     The device must be able to withstand temperatures from 0 to 100 degrees Fahrenheit.  It should be able to withstand a decent amount of humidity from the users feet sweating during running.  The device must also be able to withstand a great amount of pressure.  Further research and testing must be done to determine this value, however, a reasonable value would be the pressure exerted by a 220 lb. person running hard.  
g.
Ergonomics;
 A very important aspect for this product. Product should work within or incorporated with an existing shoe sole. The product should not alter existing ergonomic qualities in the shoe sole in ways that would affect performance. 

h.
Size;
  Product must conform to dimensions of an existing shoe sole. Depending on the final form of the product, this could involve crafting size with these specific dimensions in mind. Access could be necessary, also, depending on final design.

i.
Weight;       Product weight will not cause an undue or noticeable addition to an already lightweight shoe. Depending on how far the project progresses, refinement of the product could yield designs of lesser weight, but these could prove unnecessary depending on shoe function.

j.
Materials;  
No particular materials are restricted for this product. Materials that easily deform under high moment impacts or high force impulses should be avoided.

k.
Aesthetics;
Depending on final product design, aesthetic appeal could be required. If the design is incorporated into the outward appearance of the shoe, or somehow affects it, these factors should be taken into account for overall visual appeal. 

2. Production Characteristics
a.
Quantity;
Relatively few units needed for testing/prototype stage. Final product stage would need to be produced on a scale similar to that of the shoes the unit would be used in. High necessary quantities of final product form.

b.
Target Product Cost;

Cost should be a fraction cost compared to overall shoe manufacture cost. Depending on sources, this cost could be $5-$20. The final product would ideally cost no more than $1-$5.
3. Miscellaneous

a. Standards and Specifications;
      Product must meet standards for comfort and performance set forth by runners.
b. Customer;
The customer for this product ranges from the most avid of runners to the recreational runner.     

c. Patient-related concerns;
Varying customer weights should not affect performance of our product.

d. Competition;
   Toothbrush and shaving companies have experimented with a variety of wear indications, but as of yet no shoe company has a method to detect shoe wear built into any of there shoes
